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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an imaging system capable of suppressing 
a difference between a visual observation and an image pickup result due to 
polarization to the minimum even in the case of using liquid crystal for a 
shutterand alsocapable of reducing a difference between a finder image and the 
image pickup result in a single reflex finder camera using a half mirror or a half 
prism (half transmission mirror) for splitting a finder optical pathand capable of 
suppressing the light loss due to the polarization to the minimum. 
SOLUTION: The system is provided with an image forming optical system 1 for 
forming an object imagean imaging device 5 arranged near the formed imageand a 
liquid crystal element 3 arranged in a certain position on the optical path between 
the object and the imaging device 5. The system is provided with an optical 
element 2 arranged closer to the object than the liquid crystal element 3. The 
optical element 2 is constituted of a medium having a light transmittance of >20% 
with reference to a wavelength of 500 nm and having a refractive index which 
changes with reference to the light waves whose vibrating direction cross each 
other (having anisotropic refractive index). 



CLAIMS 



[Claim(s)] 

[Claim 1]An image formation optical system which forms an objective image. 



An imaging device arranged near the formed image. 

A liquid crystal element arranged from said object at which position on an optical 
path between said imaging devices. 

It is the imaging optical system provided with the abovesaid imaging optical system 
is provided with an optical element arranged rather than said liquid crystal element 
at the object sideand transmissivity of light [ in / in this optical element / 
wavelength of 500 nm ] consists of a medium by which refractive indicees to a 
light wave with which are not less than 20% and a light wave and a vibrating 
direction cross at right angles mutually differ. 

[Claim 2]The imaging optical system according to claim 1 to which the angle phi of 
phase leading axial orientation said optical element's and the incidence side linear 
polarization child's polarization azimuth in said liquid crystal element to make is 
being fixed on the following conditions. 

15 degree<=|phi|<=75 degree [Claim 3]The imaging optical system according to 
claim 1 or 2 which has a half mirror for optical-path division between said optical 
element and said liquid crystal element. 

[Claim 4]half said half mirror — ** — a field — the imaging optical system 
according to claim 3 currently fixed so that the angle psi of the 1st direction 
decided at a flat surface including an optic axis of a normal and said image 
formation optical system and the 2nd direction decided by said liquid crystal 
element to make may satisfy the following conditions. 

0degree<=|psi|<= — said 30 degrees of 1st direction is in said flat surface hereit is 
the direction of an altitude to said optic axisand said 2nd direction is the 
polarization azimuth of a linear polarization element established in the object side 
of said liquid crystal element. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to improvement of the imaging 

system of a cameraespecially a digital camera. 

[0002] 

[Description of the Prior Art]Light volume regulation of a camera is performed by 
combination with the diaphragm which determines the shutter which mainly 
determines exposure timeand numerical apertures (f number etc.). And light 
volume is controlled when most drives these mechanically. In the shutter by 
machinery drivethe simultaneity of the exposure covering the opening whole region 
of itself is not securable. Thereforenear the diaphragm of a shutterif there is no 
****image surface light volume unevenness will be caused. Since it is suchit is 
necessary to move a shutter unit simultaneously in a variable power optical 
system the whole optical system which a part moves. As a resultthe whole camera 



.■J 



will be enlarged. In the optical system of the type which bends an optical path 
inside an image formation optical system for the purpose of slimming down of a 
camera especiallyenlargement of a lens barrel influences the thickness of a 
camera as it isand is not preferred. 
[0003] 

[Problem(s) to be Solved by the Invention]By the waythe liquid crystal shutter 
using a liquid crystal is known as what fulfills the conditions of the simultaneity of 
the exposure covering the shutter opening whole region. Howeverthere is 
character in which transmissivity differs greatly by the direction of vibration of a 
light wave (linear polarization etc.) in a liquid crystal. Thereforewhen object light is 
polarizing stronglythe problem that the light from a photographic subject does not 
arrive at an imaging surface (photography side) arises. There are some which were 
indicated by JP6-46324A as a camera using the property element which can 
perform control of light transmittance or a light transmission amount. In the case 
of the example indicated hereas a circular light board is arranged on the image 
side and the light circular-light-ized to the light reflection means following it 
entersit is made to perform light dividing etc. from said property element with a 
linear polarization operation normally. Howeverabout the case where incident light 
is polarizing stronglyit is not taken into consideration at all. Thereforewhen a 
photographic subject with a liquid crystal imagethe water surface and glassa blue 
skyand other gloss is picturized or photoedan image differs from the seen 
sensibility. In the single lens reflex camera finder camera of the type which takes 
out a monitor image to especially a liquid crystal display. Since a half mirror or half 
prism (half mirror) is used in order to distribute the light from a photographic 
subject to a finderthere is a fault to which the luminosity of a finder image and a 
photography image and the difference of a color become large. 
[0004]this invention is made in view of the above-mentioned problem which 
conventional technology hasand comes out. It is suppressing the difference of 
viewing and the image pick-up result by polarization also in the case having 
considered it as the purpose and a liquid crystal being usedto the minimum. 
It is in providing the imaging system which can make small the difference of a 
finder image and an image pick-up resultand can suppress the light volume loss by 
polarization to the minimum in single lens reflex camera fan DAKAMERA of the 
type which uses a half mirror or half prism (half mirror) for finder light way division. 
On optical performanceat the time of advantageous variable poweralso in the 
zoom lens which moves in an optic-axis topa diaphragm prevents hypertrophy of a 
lens barreland other purposes have it in providing the imaging system which 
enabled it to realize the optimal optical unit easily. 
[0005] 

[Means for Solving the Problem]In order to attain the above-mentioned purposean 
imaging optical system by this inventionAn image formation optical system which 
forms an objective imageand an imaging device arranged near the formed imagelt 
is the imaging optical system provided with a liquid crystal element arranged from 
said object at which position on an optical path between said imaging deviceslt is 



characterized by providing said imaging optical system with an optical element 
arranged rather than said liquid crystal element at the object sideand this optical 
element consisting of a medium by which refractive indicees to a light wave whose 
vibrating direction transmissivity of light in wavelength of 500 nm is not less than 
20%and intersects perpendicularly mutually differ (anisotropy is in a refractive 
index). 

[0006]The angle phi with the incidence side linear polarization child's polarization 
azimuth [ in / in an imaging optical system by this invention / phase leading axial 
orientation of said optical element and said liquid crystal element ] to make is 
being fixed on the following conditions. 

15 degree<=|phi|<=75 degree [0007]An imaging optical system by this invention 
has a half mirror for optical-path division between said optical element and said 
liquid crystal element. 

[0008]an imaging optical system by this invention — half said half mirror — ** — 
a field — it is being fixed so that the angle psi of the 1st direction decided at a 
flat surface including an optic axis of a normal and said image formation optical 
system and the 2nd direction decided by said liquid crystal element to make may 
satisfy the following conditions. 

0degree<=|psi|<= — said 30 degrees of 1st direction is in said flat surface hereit is 
the direction of an altitude to said optic axisand said 2nd direction is the 
polarization azimuth of a linear polarization element established in the object side 
of said liquid crystal element. 
[0009] 

[Embodiment of the lnvention]Although it explains hereafter based on the example 
illustrating an embodiment of the inventionthe operation effect of this invention 
will be described in advance of explanation. According to this invention according 
to claim 1even if the light from a photographic subject includes many polarization 
of the specific directionit becomes possible to change the degree of linear 
polarization into the state where it eased as much as possible. As a resulteven 
when a liquid crystal element is used as a shutterthe difference of viewing and an 
image pick-up result can be suppressed to the minimum. Howeverthe medium 
which has anisotropy in a refractive index here is a crystal or a polymer material 
(plastic)for example. And the optical element which consists of such a medium 
points that by which the angle theta of a phase leading axis and the optic axis of 
an image formation optical system to make fulfills the following conditions out. 
75 degree<=|theta|<=90 degree (the maximum minimum which theta can take is 
**90 degrees) 
(1) 

A liquid crystal element adjusts light volume as control (what is called a shutter) of 
incident light transmission timeor control (what is called a brightness diaphragm) of 
incident light transmissivity. It is also possible to control so that the transmissivity 
of a liquid crystal element changes continuouslyand to perform these two roles 
simultaneously. 

[0010]By the wayin order to always take out a picture to a liquid crystal display in 



the type which takes out a monitor image to a single lens reflex camera finder 
cameraespecially a liquid crystal displayit is necessary to use a half mirror or half 
prism (half mirror) as an object for finder light way division. Howeverthere is strong 
polarization in the half prism of 50% of reflectance, therefore — a half — ** — a 
field — most reflected lights — S — most lights polarized and penetrated turn 
into P polarization. Thenthe optical element which consists of a medium which has 
anisotropy in a refractive index is arranged to the object side rather than half 
prism. If it does in this waythe degree of the linear polarization of the light from a 
photographic subject can be eased in the object side from half prism. As a 
resultlight can be distributed also to the penetration side also to the half prisms 
reflection side. A penetration sidethe reflection sideor whichever may be sufficient 
as an image sensor. Naturally a liquid crystal element is arranged in the optical 
path by the side of an image sensor. If a liquid crystal element is arranged to 
direction which P polarization penetrates mostly to the image side of half prism at 
the maximum at the time of a penetrationmost light volume losses by polarization 
of this liquid crystal element will be lost. 

[0011]The media (a circular light boardtambda/4 boarda wavelength plateetc.) 
which have anisotropy in the aforementioned refractive index have a circular light 
operationand make it the light which does not incline toward a specific polarization 
direction. Herein order to fully issue the operationthere are conditions. The optical 
element which consists of a medium which has anisotropy in a refractive index has 
a phase leading axis or a lagging axis (it is a crystal axis in the case of a crystal). A 
circular light operation is obtained only when the direction of the phase leading 
axis (or lagging axis) over the polarization azimuth of the entering linear 
polarizationi.e.both relative azimuthis 45 degrees. In the case of 0 degree and 90 
degreesit is still (howeverthe polarization azimuth may be rotating) linear 
polarization. The middle serves as elliptical polarization and is in a state interim 
also as moderating actions of a linear polarization degree. If the major axis of 
elliptical polarization (the special case is circular light and linear polarization) is 45 
degrees to the polarization azimuth by the incidence side linear polarization child 
of a liquid crystal elementthe light from a photographic subject arrives at an 
imaging surface to the polarization light of any azimuthsand there are few 
differences of the transmissivity by the polarization direction of incident light. 
Thereforethe range of the relative azimuth which can take out sufficient effect is 
as follows. 

15 degree<=|phi|<=75 degree (the maximum minimum which phi can take is **90 

degrees) 

(2) 

Howeverphi is an angle of the phase leading axial orientation of the optical element 
which consists of a medium which has anisotropy in a refractive indexand the 
polarization azimuth by the incidence side linear polarization child of a liquid 
crystal element to make. Since transmissivity will fall remarkably depending on the 
polarization direction of incident light if the range of this condition is exceededit is 
not desirable. 




[001 2]It is good to perform it as follows about the relative azimuth relation 
between a half mirror and a liquid crystal element in the composition using a half 
mirror. 

0 degree<=|psi|<=30 degree (the maximum minimum which psi can take is **90 
degrees) (3) 

howeverpsi — half a half mirror — ** — a field — with the 1 st direction decided 
at a flat surface including the optic axis of a normal and an image formation optical 
system. It is an angle which the 2nd direction decided by a liquid crystal element 
makesand the 1 st direction is in the above-mentioned flat surfaceit is the 
direction of the altitude to an optic axisand the 2nd direction is the polarization 
azimuth of a linear polarization element established in the object side of a liquid 
crystal element. When the range of this condition is exceededit becomes 
impossible to permit the light volume loss by a liquid crystal element. 
[0013]When an electronic image sensor is used as an image sensoran optical low 
pass filter is neededbut this filter is usually arranged just before an image sensor. 
In order to also connect this filter with polarization and to demonstrate the low 
pass effect normallyit is good to carry out relation between a low pass filterand a 
circular light boardhalf prism and a liquid crystal element like A to the following D. 
[001 4]A. Arrange in order of a circular light board (lambda/4 board)half prisma 
liquid crystal elementand an optical low pass filter from the circular light board 
[ from the object side ] (lambda/4 board)liquid crystal elementorder [ of an optical 
low pass filter ]or object side. And for examplewhen the angle of the direction of 
separation of an optical low pass filter according to the filter by the side of an 
object most and the polarization direction of the beam of light ejected from a liquid 
crystal element to make is set to alpha lit is good to make it become the following 
conditions. 

30 degree<=|alpha1 1<=60 degree (the maximum minimum which alpha 1 can take is 

**90 degrees) 

(4) 

It is more desirable when the above-mentioned conditions (1)(2)and (3) are fulfilled. 
[001 5]B. Arrange an optical low pass filter between half prism and a liquid crystal 
optical system, and half half prism — ** — a field — when the angle of the 1st 
direction decided at a flat surface including the optic axis of a normal and an 
image formation optical system and the direction of separation of an optical low 
pass filter according to the ingredient by the side of an object most to make is set 
to alpha 2it is good to fulfill the following conditions (5). A liquid crystal element is 
good to arrange so that the above-mentioned conditions (3) may be fulfilled. For 
that purposewhen the angle of the direction of separation of an optical low pass 
filter according to the ingredient by the side of an image most and the polarization 
azimuth of the incidence side linear polarization child of a liquid crystal element to 
make is set to alpha 3it is good to fulfill the following conditions (6). 
30 degree<=|alpha2|<=60 degree (the maximum minimum which alpha 2 can take is 
**90 degrees) 
(5) 
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30 degree<=|alpha3|<=60 degree (the maximum minimum which alpha 3 can take is 

**90 degrees) 

(6) 

What is necessary is just to fulfill the above-mentioned conditions (1) and (2) 
about a circular light board. 

[001 6]C. Arrange an optical low pass filter to the object side of half prism, and half 
half prism — ** — a field — when the angle of the 1st direction decided at a flat 
surface including the optic axis of a normal and an image formation optical system 
and the direction of separation of an optical low pass filter according to the 
ingredient by the side of an image most to make is set to alpha 4it is good to fulfill 
the following conditions (7). 

30 degree<=|alpha4|<=60 degree (the maximum minimum which alpha 4 can take is 

**90 degrees) 

(7) 

The circular light board can incorporate as one ingredient of an optical low pass 
filteror can also give a circular light function to an optical low pass filter. Of 
coursean optical low pass filter may be arranged to the object side of a circular 
light board. Howeverit is good to fulfill the above-mentioned conditions (2) in the 
case of which. 

[001 7]D. Arrange an optical low pass filter between a circular light board and a 
liquid crystal element in an optical system without a light splitting element. And 
what is necessary is just to fulfill the above-mentioned conditions (2) and (6). It is 
good to fulfill the above-mentioned conditions (1). 

[0018]In the arrangement which sandwiches a circular light board with several 
optical low pass filters in which the directions of separation differedit is good to 
fulfill the above-mentioned conditions (6). It is good to fulfill the above-mentioned 
conditions (1) and (2). Howeverin particular when the optical low pass filter has 
been arranged to the object side of a circular light boardthere is no restriction to 
the azimuth relation of an optical low pass filter. 

[0019]This invention does not depend the light volume regulation function 
equivalent to a shutter and a diaphragm of a camera on a machinery drivebut 
performs it using the physical properties of a liquid crystal etc. There is the 
following in the optical system in which this composition is especially effective. 

1. Optical system which shutter and diaphragm move at time of ****etc. 
(Example 1) From the object sidewhen ****(ing) from a wide angle end to a tele 
edge with the 1st lens groupThe zoom lens system which has lens group P which 
has the positive refracting power which moves only to the object side by an 
aperture diaphragm and one (type that lens group P approaches in a tele edge 
especially to such an extent that neither the type which has a catoptric light study 
element for optical-path refraction in the 1st lens groupnor the member for light 
volume regulation enters). 

2. Optical system with difficult space reservation which puts in lens shutter 
mechanism near diaphragm. 

(Example 2) In the zoom lens system which has lens group Q which moves at the 



time of **** with the 1 st lens groupthe 2nd lens group that moves at the time of 
****and an aperture diaphragm from the object sideThe zoom lens which moves 
only in the any 1 direction when [ of said 2nd lens group and lens group Q ] one of 
lens groups carries out variable power to a tele edge from a wide angle end at 
least (also in this case.) The type which has a catoptric light study element for 
optical-path crookedness in the 1st lens groupand the type that lens group Q 
approaches in a tele edge to such an extent that the member for light volume 
regulation does not enter may be used. 

3. Optical system with problem of garbage adhesion in the image surface by 
machinery drive of focal plane shutter. 

(Example 3) It is a long optical system of a back focus like the imaging optical 
system of an one eye reflex camera. For examplethe optical system for cameras 
as for which Fb>=1.8 and fw become. Howeverthe air conversion length of distance 
from the crestal plane by the side of an image most to an image formation face of 
the last lens element in which Fb has refracting powerand fw are the wide angle 
end focal distances of a zoom lens. 

[0020]In the case of the optical system of the type of above-mentioned l.the 
shutter diaphragm by physical properties is fixable to any or a suitable position. If 
it does sothe inside diameter of the aperture diaphragm which moves at the time 
0 f **** i s fixable. A diaphragm mechanism becomes unnecessary and it becomes 
unnecessary as a resultfor big mechanisms also including a shutter to move. It is 
not necessary to necessarily arrange the shutter diaphragm by physical properties 
near the aperture diaphragm in this way. Thereforealso in the optical system of the 
type with which the lens group which approaches a diaphragm at the time of **** 
like above-mentioned 2. existsit is effective. 

[0021 ]The detailed example of composition of an optical system applicable to this 
invention is shown below. 

1) When it has positive refracting power sequentially from the object side with the 
1 st lens group that comprised a negative lens and a positive lens and variable 
power is carried out to a tele edge from a wide angle endmove only to the object 
side by an aperture diaphragm and oneand it is one or two lens components (herea 
lens component points out a single lens or a cemented lens.), thereforea three- 
sheet cemented lens is also counted with one lens component, from — zoom lens 
which comprises the 2nd becoming lens groupmoves a part of 1st whole lens group 
or 2nd lens groupand performs a focus. In the case of the zoom lens of this 
example of compositionthe shutter diaphragm (physical-properties light volume 
regulation element) by physical properties is good to fix to one position of the 
image sides of the 2nd lens group. 

[0022]2) One positive lens which became independent of the 2nd lens group to the 
image side to the example of composition of the above-mentioned lensor the zoom 
lens which has the 3rd lens group that consists of one positive lens component. In 
the case of the zoom lens of this example of compositionit may be made to focus 
by the 3rd lens group. A physical-properties light volume regulation element is 
good to insert between the 2nd lens group and the 3rd lens groupimmediately after 
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the 3rd lens groupor in the image side of the last lens group. 
[0023]In order in accordance with an optical pathfrom the object sideincluding a 
catoptric light study element for the ejection side to bend a concave negative lens 
and an optical path at the time of variable power 3) The 1st fixed lens groupThe 
zoom lens which consists of the 2nd lens group that moves only to the object side 
by an aperture diaphragm and oneand consists of one or two lens components 
when it has positive refracting power and variable power is carried out to a tele 
edge from a wide angle endthe 3rd lens group that carries out a different motion 
from the 2nd lens groupand the last lens group which has positive refracting power. 
In the case of the zoom lens of this example of compositionthe shutter diaphragm 
(physical-properties light volume regulation element) by physical properties is good 
to fix to the position of either between the 3rd lens group and the last lens group 
or the image side of the last lens group. 

[0024]In order in accordance with an optical pathfrom the object sideincluding a 
catoptric light study element for the ejection side to bend a concave negative lens 
and an optical path at the time of variable power 4) The 1st fixed lens groupThe 
2nd lens group that moves reciprocately when it has negative refracting power and 
variable power is carried out to a tele edge from a wide angle endThe zoom lens 
which consists of the 3rd lens group that moves only to the object side by an 
aperture diaphragm and oneand consists of one or two lens components when it 
has positive refracting power and variable power is carried out to a tele edge from 
a wide angle endand the last lens group which has positive refracting power. In the 
case of the zoom lens of this example of compositionthe shutter diaphragm 
(physical-properties light volume regulation element) by physical properties is good 
to fix to the position of either between the 3rd lens group and the last lens group 
or the image side of the last lens group. 

[0025]5) The zoom lens system transposed to the 1st fixed lens group including 
the catoptric light study element (prism) for bending an optical path with the 
entrance plane which turned the concave surface to the object side for the 1st 
fixed lens group most in order in accordance with the optical path from the object 
side including said catoptric light study element at the time of variable power at 
the time of variable power. In the case of the zoom lens of this example of 
compositionthe position of a physical-properties light volume regulation element is 
the same as the above-mentioned example 4. 

[0026]6) The zoom lens which has most the 2nd lens group that the image side is 
a positive lens and moves at the time of variable poweran aperture diaphragmlens 
group Q which has positive refracting power and moves at the time of variable 
powerand last lens group R which has positive refracting power sequentially from 
the object side by having negative refracting power with the 1st lens group that 
has positive refracting power. In the case of the zoom lens of this example of 
compositiona physical-properties light volume regulation element is good to insert 
between lens group Q and lens group R or in the image side of last lens group R. 
The 2nd lens group is good to constitute from less than two lens components. 
[0027]7) The zoom lens which has the 1st lens group that has positive refracting 
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power and moves sequentially from the object side at the time of variable 
powerthe 2nd lens group that has negative refracting power and moves at the time 
of variable poweran aperture diaphragmlens group Q which has positive refracting 
power and moves at the time of variable powerand last lens group R which has 
positive refracting power. In the case of the zoom lens of this example of 
compositiona physical-properties light volume regulation element is good to insert 
between lens group Q and lens group R or in the image side of last lens group R. 
[0028]From the object sidein accordance with an optical pathin orderconsist of a 
catoptric light study element and a positive lens for the ejection side to bend a 
concave negative lens and optical pathand at the time of variable power 8) The 1 st 
fixed lens groupThe zoom lens which has most the 2nd lens group that the image 
side is a positive lens and moves at the time of variable poweran aperture 
diaphragmlens group Q which has positive refracting power and moves at the time 
of variable powerand last lens group R which has positive refracting power. In the 
case of the zoom lens of this example of compositiona physical-properties light 
volume regulation element is good to insert between lens group Q and lens group 
R or in the image side of last lens group R. The 2nd lens group is good to 
constitute from less than two lens components. 

[0029]9) The zoom lens system replaced with the lens group which consists of the 
catoptric light study element (prism) and positive lens for bending the optical path 
which has the entrance plane which turned the concave surface to the object side 
for said 1st lens group most in order in accordance with the object side to the 
optical path. In the case of the zoom lens system of this example of 
compositionthe position of a physical-properties light volume regulation element is 
the same as the above-mentioned example 8. The catoptric light study element for 
bending an optical path may be provided between the 2nd lens group and lens 
group Q. 

[0030] 10) The optical system which has a reflective means for optical-path 
division in the image side of the image formation optical system whole systemor 
the middle. 

11) The optical system which has a catoptric light study element for bending an 
optical path in the optical system of the above 10. 

12) The optical system whose one side of an entrance plane or a projection 
surface of the above-mentioned catoptric light study element is a prism body of a 
curved surface at least in the optical system of the above 1 1. 

13) in the optical system of the above 10 — the reflective means for the above- 
mentioned optical-path division — a half mirror — or — a half — the optical 
system from which it is ** (half) prism and the reflection side serves as a finder. 
[0031] 

[Example]Hereafterthe example of this invention is described using a drawing. The 
imaging optical system of each example is provided with the liquid crystal element 
arranged at one between the image formation optical system which forms an 
objective imagethe imaging device (image sensor) arranged near the formed 
imageand said object and said imaging device of positions as composition common 



to the example described below. The imaging optical system of each example is 
provided with the optical element arranged rather than said liquid crystal element 
at the object side. The transmissivity of the light in the wavelength of 500 nm is 
not less than 20%and this optical element comprises a medium by which the 
refractive indicees to the light wave a light wave and a vibrating direction cross at 
right angles mutually differ. The angle phi of the phase leading axial orientation said 
optical element's and the incidence side linear polarization child's polarization 
azimuth in said liquid crystal element to make is being fixed on the following 
conditions. 

15degree<=|phi|<= — 75 degrees of following examples [ some of] are the things 
of composition of having a half mirror for optical-path division between said optical 
element and said liquid crystal element again, in the example of composition of 
having such a half mirror — half a half mirror — ** — a field — the angle psi of 
the 1st direction decided at a flat surface including the optic axis of a normal and 
said image formation optical system and the 2nd direction decided by said liquid 
crystal element to make is being fixed so that the following conditions may be 
satisfied. 

Odegree<=|psi|<= — said 30 degrees of 1st direction is in said flat surface hereit is 
the direction of the altitude to said optic axisand said 2nd direction is the 
polarization azimuth of a linear polarization element established in the object side 
of said liquid crystal element. 

[0032] 1st example drawing 1 is an outline sectional view in alignment with the 
optic axis of the 1st example of the imaging optical system concerning this 
invention. This example is an example of application to the imaging optical system 
in which the optical path of a finder optical system and the optical path of the 
image formation optical system 1 are independently. In the imaging optical system 
of this examplethe optical element 2 and the liquid crystal element 3 are arranged 
inside the image formation optical system 1. It is arranged in order of the optical 
low pass filter 4 and the image sensor 5 following the image formation optical 
system 1. The optical element 2 of this example is a circular light board. 
Herelambda/4 board is used. Other wavelength plates can also be used as a 
circular light board. An infrared cut coat may be given to the air contact surface of 
a circular light board. As for the liquid crystal element 3light polarizer is formed in 
the lambda / 4 board (optical element 2) side. The polarization direction of this 
light polarizer is abbreviated 45 degree to the crystal orientation of lambda/4 
board. In drawing 1 although the optical element 2 and the liquid crystal element 3 
are left and arrangedthey may arrange what joined both. 

[0033] 2nd example drawing 2 is an outline sectional view in alignment with the 
optic axis of the 2nd example of the imaging optical system concerning this 
invention. The optical path of a finder optical system and the optical path of the 
image formation optical system 1 as well as [ this example ] the 1st example are 
examples of application to the imaging optical system which is independently. In 
the imaging optical system of this examplethe optical element 2 and the liquid 
crystal element 3 are arranged to the exterior of the image formation optical 



system 1. The image sensor 5 is arranged following the liquid crystal element 3. 
The optical element 2 of this example consisted of the one circular light board 
2aand two optical low pass filter 2bs and 2cand optical low pass filter 2b and 2c 
have pasted it up on both sides of the circular light board 2a. Herelambda/4 board 
is used as the circular light board 2a. Other wavelength plates can also be used as 
the circular light board 2a. An infrared cut coat may be given to the air contact 
surface (optical low pass filter 2bair contact surface of 2c) of the optical element 
2. As for the liquid crystal element 3light polarizer is formed in the lambda/4 board 
2a side. The polarization direction of this light polarizer is abbreviated 45 degree to 
the crystal orientation of the lambda/4 board 2a. In drawing 2 although the optical 
element 2 and the liquid crystal element 3 are left and arrangedthey may arrange 
what joined both. It is also possible to arrange the optical element 2 of the 1st 
example to the exterior of an image formation optical system like this example. 
Contrary to thisthe optical element 2 of this example can also be arranged inside 
the image formation optical system 1 like the 1st example. 
C0034] 3rd example drawing 3 is an outline sectional view in alignment with the 
optic axis of the 3rd example of the imaging optical system concerning this 
invention. This example is an example of application of the imaging optical system 
to which a part of optical path of a finder optical system and optical path of the 
image formation optical system 1 are commonfor examplethe imaging optical 
system of an one eye reflex camera. In the imaging optical system of this 
examplethe optical element 2 and the liquid crystal element 3 are arranged to the 
exterior of the image formation optical system 1. In this examplein order to lead an 
object image to a finder optical systemthe half mirror (prism) 6 is arranged in the 
optical path. 3rd example drawing 3 is an image pick-up which a from book 
requires. 

It is an outline sectional view in alignment with the optic axis of the 3rd example. 
This example. 

It is arranged in order of the liquid crystal element 3the optical low pass filter 4and 
the image sensor 5 following the half mirror 6. The structure of the optical element 

2 of this example or the liquid crystal element 3 is the same as the 1st example. 
As for the polarization direction of the light polarizer which is in the half mirror 6 
side among the light polarizers of the liquid crystal element 3it is preferred that 
they are abbreviated parallel to the photography image to the image sensor 5 of 
the optical path immediately after reflection by the half mirror 6. 

[0035] 4th example drawing 4 is an outline sectional view in alignment with the 
optic axis of the 4th example of the imaging optical system concerning this 
invention. A part of optical path of a finder optical system and optical path of the 
image formation optical system 1 as well as [ this example ] the 3rd example are 
the examples of application of the imaging optical system which is commonfor 
examplethe imaging optical system of an one eye reflex camera. In the imaging 
optical system of this examplethe optical element 2 and the liquid crystal element 

3 are arranged to the exterior of the image formation optical system 1. In this 
examplein order to lead an object image to a finder optical systemthe half mirror 
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(prism) 6 is arranged in the optical path. It is arranged in order of the liquid crystal 
element 3 and the image sensor 5 following the half mirror 6. The optical element 2 
of the optical element 2 of this example is the same as that of the 2nd 
exampleand consisted of the one circular light board 2aand two optical low pass 
filter 2bs and 2cand optical low pass filter 2b and 2c have pasted it up on both 
sides of the circular light board 2a. In this examplethe separating direction of the 
optical low pass filter 2c by the side of the half mirror 6 is good among optical low 
pass filter 2b in the both sides of the optical element 2and 2c to be abbreviated 45 
degree to the photography image to the image sensor 5 of the optical path 
immediately after reflection by the half mirror 6. As for the polarization direction of 
the light polarizer which is in the half mirror 6 side among the light polarizers of 
the liquid crystal element 3it is preferred that they are abbreviated parallel to the 
photography image to the image sensor 5 of the optical path immediately after 
reflection by the half mirror 6. 

[0036] 5th example drawing 5 is an outline sectional view in alignment with the 
optic axis of the 5th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. 
Outline ****** to which the 5th operation meets the optic axis of the 5th example 
of the imaging optical system which requires 5 for this invention . 
** and (a) show a wide angle endand (b) shows the state of the tele edge. 
In the imaging optical system of this examplethe image formation optical system 
1the optical element 2the liquid crystal element 3the optical low pass filter 4and 
the image sensor 5 are arranged on the straight line. When carrying out variable 
power of the image formation optical system 1 to the 1st lens group G1 and a tele 
edge from a wide angle end from the object side at orderit has the 2nd lens group 
G2 that has the positive refracting power which moves only to the object sideand 
comprises the aperture diaphragm 7 and one as a zoom lens system. The 1st lens 
group G1 comprises a negative lens and a positive lens sequentially from the 
object side. The 2nd lens group G2 comprises a three-sheet cemented lens. A 
focus is performed by moving the ** lens group G1 or the 2nd lens group G2. The 
optical element 2 is being fixed to the image side rather than the 2nd lens group. 
The composition of the optical element 2 and the liquid crystal element 3 is the 
same as that of the 1 st example. 

[0037] 6th example drawing 6 is an outline sectional view in alignment with the 
optic axis of the 6th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. This 
example is also an example of application to the optical system which the optical 
path of a finder optical system and the optical path of the image formation optical 
system 1 are independentlyand the aperture diaphragm 7 moves like the 5th 
example at the time of variable power. In the imaging optical system of this 
examplethe image formation optical system 1the optical element 2the liquid crystal 
element 3the optical low pass filter 4and the image sensor 5 are arranged on the 
straight line like the 5th example. The 2nd lens group G2 that has the positive 
refracting power which moves only to the object side by the aperture diaphragm 7 



and one when carrying out variable power of the image formation optical system 1 
to the 1st lens group G1 and a tele edge from a wide angle end from the object 
side at orderlt has the 4th lens group G4 that has 3rd lens group G3 which carries 
out a different motion from the 2nd lens group G2and positive refracting powerand 
is constituted as a zoom lens system. The 1st lens group G1 comprises a negative 
lens and a positive lens sequentially from the object side. The 2nd lens group G2 
comprises a two-sheet cemented lens and a positive lens sequentially from the 
object side. 3rd lens group G3 comprises one positive lens. A focus is performed 
by moving the ** lens group G1 or the 2nd lens group G2. This example is 
applicable also to what was made to focus by 3rd lens group G3. The optical 
element 2 is arranged just behind 3rd lens group G3. The composition of the 
optical element 2 and the liquid crystal element 3 is the same as that of the 1st 
example. 

[0038] 7th example drawing 7 is an outline sectional view in alignment with the 
optic axis of the 7th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. The 
7th operation is an outline sectional view in alignment with the optic axis of the 
7th example of the imaging optical system which requires 7_for this inventionand 
(a) is wide angle ******. 

The state of ******** j s shown. This example is the 5th and 6th fruit. 
The imaging optical system of this example is a folding optical systemhas the 
optical-path bending element 8 which bends an optic axis in the optical path of the 
image formation optical system land is constituted. In accordance with an optical 
pathin order the image formation optical system 1 including the catoptric light 
study element 8 for the ejection side to bend 90 degrees of concave negative 
lenses and optical paths at the time of variable power from the object side The 1st 
fixed lens group GlWhen it has positive refracting power and variable power is 
carried out to a tele edge from a wide angle endit has the 2nd lens group G2 that 
moves only to the object side3rd lens group G3 which carries out a different 
motion from the 2nd lens group G2and the 4th lens group G4 that has positive 
refracting powerand comprises the aperture diaphragm 7 and one as a zoom lens 
system. ****** of an imaging optical system like [ ****** ] 7th example drawing 7 
looks a book. 

The outline sectional view in alignment with the optic axis of an example. 
The 2nd lens group G2 comprises a two-sheet cemented lens and a positive lens 
sequentially from the object side. 3rd lens group G3 comprises one positive lens. 
The optical element 2 is being fixed between 3rd lens group G3 and the 4th lens 
group G4. The composition of the optical element 2 and the liquid crystal element 
3 is the same as that of the 1st example. 

[0039] 8th example drawing 8 is an outline sectional view in alignment with the 
optic axis of the 8th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. The 
8th operation is an outline sectional view in alignment with the optic axis of the 
8th example of the imaging optical system which requires 8_for this inventionand 



(a) is wide angle ******. 

The state of ******** is shown. This examples are the 5th - the 7th fruit. 
Like the 7th examplethe imaging optical system of this example is a folding optical 
systemhas the optical-path bending element 8 which bends an optic axis in the 
optical path of the image formation optical system land is constituted. In 
accordance with an optical pathin order the image formation optical system 1 
including the catoptric light study element 8 for the ejection side to bend 90 
degrees of concave negative lenses and optical paths at the time of variable power 
from the object side The 1st fixed lens group G1The 2nd lens group G2 that 
moves reciprocately when it has negative refracting power and variable power is 
carried out to a tele edge from a wide angle endWhen it has positive refracting 
power and variable power is carried out to a tele edge from a wide angle endit has 
3rd lens group G3 which moves only to the object sideand the 4th lens group G4 
that has positive refracting powerand comprises the aperture diaphragm 7 and one 
as a zoom lens system. ****** of an imaging optical system like [ ****** ] 8th 
example drawing 8 looks a book. 

The outline sectional view in alignment with the optic axis of an example. 
The 2nd lens group G2 comprises a two-sheet cemented lens. 3rd lens group G3 
comprises a two-sheet cemented lens and a positive lens sequentially from the 
object side. The optical element 2 and the liquid crystal element 3 are being fixed 
between 3rd lens group G3 and the 4th lens group G4. In this exampleit pastes up 
and the optical element 2 and the liquid crystal element 3 are formed in one. 
[0040] 9th example drawing 9 is an outline sectional view in alignment with the 
optic axis of the 9th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. 
Outline ****** to which the 9th operation meets the optic axis of the 9th example 
of the imaging optical system which requires 9 for this invention . 
** and (a) show a wide angle endand (b) shows the state of the tele edge, this 
example — the optical path of a finder optical systemand the optical path of the 
image formation optical system 1 — independently . 

Like the 7th examplethe imaging optical system of this example is a folding optical 
systemhas the optical-path bending element 8 which bends an optic axis in the 
optical path of the image formation optical system land is constituted. In 
accordance with an optical pathin order the image formation optical system 1 
including the catoptric light study element 8 for the ejection side to bend 90 
degrees of concave negative lenses and optical paths at the time of variable power 
from the object side The 1st fixed lens group G1The 2nd lens group G2 that 
moves only to the object side when it has positive refracting power and variable 
power is carried out to a tele edge from a wide angle endlt has positive refracting 
power with the aperture diaphragm 7 and 3rd lens group G3 which moves to the 
image side when carrying out variable power to a tele edge from a wide angle 
endand the 3rd lens group has the 4th lens group G4 from which movement 
magnitude differsand is constituted as a zoom lens system. ****** of an imaging 
optical system like [ ****** ] 9th example drawing 9 looks a book. 



The outline sectional view in alignment with the optic axis of an example. 

The 2nd lens group G2 comprises a two-sheet cemented lens. 3rd lens group G3 

also comprises a two-sheet cemented lens. The optical element 2 is arranged from 

the 4th lens group G4 at the image side. The composition of the optical element 2 

and the liquid crystal element 3 is the same as that of the 1st example. 

[0041] 10th example drawing 10 is an outline sectional view in alignment with the 

optic axis of the 10th example of the imaging optical system concerning this 

invention(a) shows a wide angle end and (b) shows the state of the tele edge. The 

10th fruit is an outline sectional view in alignment with the optic axis of the 10th 

example of the imaging optical system concerning this inventionand drawing 10 is 

(a) 

(b) shows the state of the tele edge. This example is the 5-. 

The imaging optical system of this example is a folding optical systemhas optical- 
path bending element 8' which bends an optic axis in the optical path of the image 
formation optical system land is constituted. The image formation optical system 
1 in order an optical path with the entrance plane which turned the concave 
surface to the object side most including catoptric light study element 8' for 
bending 90 degrees in accordance with an optical path at the time of variable 
power from the object side The 1st fixed lens group G1The 2nd lens group G2 that 
moves only to the object side by the aperture diaphragm 7 and one when it has 
positive refracting power and variable power is carried out to a tele edge from a 
wide angle endlt has positive refracting powerhas 3rd lens group G3 which moves 
only to the object side when carrying out variable power to a tele edge from a 
wide angle endand the 4th lens group G4 that has positive refracting powerand is 
constituted as a zoom lens system. As for optical-path bending element 8'the 
entrance plane is an aspheric surface. The 2nd lens group G2 comprises a positive 
lens and a two-sheet cemented lens sequentially from the object side. 3rd lens 
group G3 comprises one positive lens. The optical element 2 is being fixed 
between 3rd lens group G3 and the 4th lens group G4. The composition of the 
optical element 2 and the liquid crystal element 3 is the same as that of the 2nd 
example. 

[0042] 1 1th example drawing 1 1 is an outline sectional view in alignment with the 
optic axis of the 1 1th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. The 
1 1th fruit is an outline sectional view in alignment with the optic axis of the 11th 
example of the imaging optical system concerning this inventionand drawing 1 1 is 

**** and (b) show the state of the tele edge. The optical path of a finder optical 
system and the optical path of this example of the image formation optical system 
1 as well as the 9th example are independent. 

Like the 7th examplethe imaging optical system of this example is a folding optical 
systemhas the optical-path bending element 8 which bends an optic axis in the 
optical path of the image formation optical system land is constituted. In 
accordance with an optical pathin order the image formation optical system 1 



including the catoptric light study element 8 for the ejection side to bend 90 
degrees of concave negative lenses and optical paths at the time of variable power 
from the object side The 1st fixed lens group G1The 2nd lens group G2 that 
moves only to the image side when it has negative refracting power and variable 
power is carried out to a tele edge from a wide angle endlt has positive refracting 
power with the aperture diaphragm 7 and 3rd lens group G3 which moves to the 
object side when it has positive refracting power and variable power is carried out 
to a tele edge from a wide angle endand the 3rd lens group has the 4th lens group 
G4 from which movement magnitude differsand is constituted as a zoom lens 
system. Image pick-up optical ****** which 11th example drawing 11 requires for 
an invention. 

The outline in alignment with the optic axis of one example. 

The 2nd lens group G2 comprises a negative lens and a positive lens sequentially 
from the object side. 3rd lens group G3 comprises a positive lens and a two-sheet 
cemented lens sequentially from the object side. The optical element 2 is arranged 
rather than the 4th lens group G4 at the image side. The composition of the 
optical element 2 and the liquid crystal element 3 is the same as that of the 1st 
example. 

[00433 12th example drawing 12 is an outline sectional view in alignment with the 
optic axis of the 12th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. 
Drawing 12 is an outline sectional view in alignment with the optic axis of the 12th 
example of the imaging optical system concerning this inventionand (a) Ends and is 
in the 1 2th fruit . 

b) shows the state of the tele edge. The optical path of a finder optical system 
and the optical path of this example of the image formation optical system 1 as 
well as the 9th and 11th example are independent. 

Like the 10th examplethe imaging optical system of this example is a folding 
optical systemhas optical-path bending element 8' which bends an optic axis in the 
optical path of the image formation optical system land is constituted. The image 
formation optical system 1 in order an optical path with the entrance plane which 
turned the concave surface to the object side most including catoptric light study 
element 8' for bending 90 degrees in accordance with an optical path at the time 
of variable power from the object side The 1st fixed lens group G1The 2nd lens 
group G2 that moves only to the image side when it has negative refracting power 
and variable power is carried out to a tele edge from a wide angle endlt has the 
4th lens group G4 that considers a motion which has positive refracting power and 
is different from the 3rd lens group as the aperture diaphragm 7 and 3rd lens 
group G3 which moves only to the object side when it has positive refracting 
power and variable power is carried out to a tele edge from a wide angle endand is 
constituted as a zoom lens system. As for optical-path bending element 8'the 
entrance plane is an aspheric surface. The 2nd lens group G2 comprises a 
negative lens and a positive lens sequentially from the object side. 3rd lens group 
G3 comprises a two-sheet cemented lens and a positive lens sequentially from the 



object side. The optical element 2 is arranged rather than the 4th lens group G4 at 
the image side. The composition of the optical element 2 and the liquid crystal 
element 3 is the same as that of the 1st example. 

[0044] 13th example drawing 13 is an outline sectional view in alignment with the 
optic axis of the 1 3th example of the imaging optical system concerning this 
invention(a) shows a wide angle end and (b) shows the state of the tele edge. This 
example is an example of application of the imaging optical system to which a part 
of optical path of a finder optical system and optical path of the image formation 
optical system are commonfor examplethe imaging optical system of an one eye 
reflex cameralike the 1st and 3rd example. In the imaging optical system of this 
examplethe image formation optical system 1the half mirror (half prism) 6the 
optical element 2the liquid crystal element 3the optical low pass filter 4and the 
image sensor 5 are arranged on the straight line. The 2nd lens group G2 that has 
the negative refracting power which moves only to the image side when carrying 
out variable power of the image formation optical system 1 to a tele edge from a 
wide angle end with the 1st lens group G13rd lens group G3 which has the positive 
refracting power which moves only to the object side when carrying out variable 
power to a tele edge from a wide angle end with the aperture diaphragm 7and the 
3rd lens have the 4th lens group G4 from which movement magnitude differsand 
are constituted as a zoom lens system. The 1st lens group comprises a positive 
lens. The 2nd lens group G2 comprises a negative lensa negative lensand a 
positive lens sequentially from the object side. 3rd lens group G3 is constituted 
from the object side by ranking and the two-sheet cemented lens. The 4th lens 
group G4 comprises a positive lens. The half prism 6 is arranged between the 4th 
lens group G4 and the optical element 2. This half prism 6 leads the reflected light 
to a finder optical system (graphic display abbreviation)and leads a transmitted 
light to an optical element. The optical element 2 is arranged rather than the half 
prism 6 at the object side. The composition of the optical element 2 and the liquid 
crystal element 3 is the same as the 2nd example. 

[0045]As explained abovethe imaging optical system by this invention is provided 
also with the following features besides the invention indicated to the claim. 
[0046](D The imaging optical system according to claim 1 to which the 
transmission time of incident light or the transmitted light amount of incident light 
is changed in said liquid crystal element. 

[0047](2) The imaging optical system according to claim 3 which is equipped with a 
finder optical systemone of the optical paths divided with said half mirror reaches 
to said imaging deviceand either of the remainder reaches to a finder optical 
system. 
[0048] 

[Effect of the Invention]According to this inventionthe light volume regulation 
optical element which removed the evil by polarization of a liquid crystal can be 
obtainedby thisthe light volume regulatory mechanism by machinery drive can be 
omittedthe simplification of a lens barrel and a miniaturization can be attainedand 
the miniaturization of a camera housing can be realized by extension. Especially 




when what is called a collapsible-mount-type body tube that pushes out an optical 
system out of a camera body at the time of photographyand stores an optical 
system in a camera body at the time of carrying is adopted and it slims down a 
camera housingAs for the lens side which adjoins an aperture diaphragmat least 
one side has turned the convex toward this aperture diaphragm on the character 
of the optical system used there. For this reasonif arrangement that considers the 
inside diameter of an aperture diaphragm as immobilizationand the lens side of said 
convex penetrates an aperture-diaphragm inner diameter part is usedthe useless 
space by diaphragm can be lost thoroughlyand can make the lens group of 
operation approach to a limitand the further shortening of the thickness of the 
optical system at the time of the lens storage to a case of it will be attained. 
Since it becomes impossible to narrow down in this casesaid light volume 
regulation optical element is neededbut if this is arranged near the optical element 
near a flat surfaceincrease of that part thickness will be suppressed to the 
minimum. 

[0049]Although another means which makes the depth direction of a camera 
housing thin is introduction of an optical-path bending catoptric light study 
elementhypertrophy of a body tube influences the thickness of depth as it is in 
this case. It is more advantageous for the optical system adopted as this to have 
moved the aperture diaphragm to the lens group and one which work for variable 
power on optical performance. Howeveraccording to this inventionan aperture- 
diaphragm inside diameter is considered as immobilizationif a light volume 
regulation optical element is inserted in positions other than the move space of a 
variable power lens group and it fixes about light volume regulationthe move space 
of a light volume regulatory mechanism can be savedand a large miniaturization will 
be attained. 

[0050]In the optical system of a single lens reflex camera REXX methodthere is 
light volume degradation (abbreviation half) by a half mirror. There is light volume 
degradation of an abbreviation half also in the light volume regulation optical 
element of this invention. If it doublesit will just be going to decrease to about 25% 
at the maximum. Howeverif composition like this invention is usedit will become 
possible to be able to avoid light volume degradation by the latter and to secure 
50% of light volume as a whole. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline sectional view in alignment with the optic axis of the 1st 

example of the imaging optical system concerning this invention. 

[Drawing 2] It is an outline sectional view in alignment with the optic axis of the 

2nd example of the imaging optical system concerning this invention. 

[Drawing 3] It is an outline sectional view in alignment with the optic axis of the 3rd 

example of the imaging optical system concerning this invention. 




[Drawing 4] It is an outline sectional view in alignment with the optic axis of the 4th 
example of the imaging optical system concerning this invention. 
[Drawing 5] It is an outline sectional view in alignment with the optic axis of the 5th 
example of the imaging optical system concerning this inventionand (a) shows a 
wide angle end and (b) shows the state of the tele edge. 

[Drawing 6] It is an outline sectional view in alignment with the optic axis of the 6th 
example of the imaging optical system concerning this inventionand (a) shows a 
wide angle end and (b) shows the state of the tele edge. 

[Drawing 7] It is an outline sectional view in alignment with the optic axis of the 7th 
example of the imaging optical system concerning this inventionand (a) shows a 
wide angle end and (b) shows the state of the tele edge. 

[Drawing 8] It is an outline sectional view in alignment with the optic axis of the 8th 
example of the imaging optical system concerning this inventionand (a) shows a 
wide angle end and (b) shows the state of the tele edge. 

[Drawing 9] It is an outline sectional view in alignment with the optic axis of the 9th 
example of the imaging optical system concerning this inventionand (a) shows a 
wide angle end and (b) shows the state of the tele edge. 

[Drawing 10] It is an outline sectional view in alignment with the optic axis of the 
10th example of the imaging optical system concerning this inventionand (a) shows 
a wide angle end and (b) shows the state of the tele edge. 

[Drawing 1 1] It is an outline sectional view in alignment with the optic axis of the 
1 1th example of the imaging optical system concerning this inventionand (a) shows 
a wide angle end and (b) shows the state of the tele edge. 

[Drawing 12] It is an outline sectional view in alignment with the optic axis of the 
12th example of the imaging optical system concerning this inventionand (a) shows 
a wide angle end and (b) shows the state of the tele edge. 

[Drawing 13] It is an outline sectional view in alignment with the optic axis of the 
13th example of the imaging optical system concerning this inventionand (a) shows 
a wide angle end and (b) shows the state of the tele edge. 
[Description of Notations] 

1 Image formation optical system 

2 Optical element 

2a Circular light board 
2b2c4 optical low pass filters 

3 Liquid crystal element 

5 Image sensor 

6 Half mirror (half prism) 

7 Aperture diaphragm 

8 and 8' catoptric light study element (optical-path bending element) 
G1 The 1st lens group 

G2 The 2nd lens group 
G3 The 3rd lens group 
G4 The 4th lens group 



